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Agenda	
  

•  Sequencing	
  
•  Technique	
  
•  Data	
  files	
  and	
  formats	
  
•  Data	
  analysis	
  
•  Introduc/on	
  to	
  exercise	
  I	
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Sequencing	
  



Sequencing	
  
•  Sequencing	
  is	
  decoding	
  of	
  the	
  order	
  of	
  bases	
  in	
  DNA	
  or	
  RNA	
  molecules	
  
	
  
•  Human	
  genome	
  has	
  3	
  billion	
  base	
  pairs.	
  
	
  
	
  	
  
•  We	
  are	
  99.9%	
  iden/cal,	
  but	
  the	
  0.1%	
  difference	
  is	
  

	
  	
  important	
  in	
  affec/ng	
  our	
  suscep/bility	
  to	
  	
  
	
  diseases	
  and	
  responsiveness	
  to	
  medica/on.	
  

	
  
•  The	
  0.1%	
  difference	
  comes	
  in	
  many	
  forms	
  such	
  as	
  Single	
  Nucleo/de	
  Polymorphisms	
  

(SNPs),	
  Inser/ons,	
  Dele/ons,	
  Transloca/ons	
  etc.	
  
	
  
•  Sequencing	
  humans	
  (and	
  a	
  large	
  number	
  of	
  them)	
  will	
  help	
  us	
  	
  

	
  develop	
  beSer	
  therapies	
  for	
  some	
  of	
  the	
  common	
  and	
  life	
  	
  
	
  threatening	
  diseases.	
  

	
  
•  Sequencing	
  animals	
  and	
  plants	
  will	
  enable	
  us	
  to	
  beSer	
  u/lize	
  

	
  	
  them	
  to	
  meet	
  the	
  ever	
  growing	
  demand	
  for	
  food	
  and	
  energy.	
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Types	
  of	
  sequencing	
  
•  1st	
  genera/on	
  

–  Sequenced	
  individual	
  clones,	
  long	
  con/nuous	
  reads	
  (>800	
  
nucleo/des)	
  

•  2nd	
  genera/on	
  ~	
  next	
  genera/on	
  sequencing	
  
–  	
  Sequence	
  up	
  to	
  tens	
  of	
  thousands	
  of	
  molecules	
  in	
  parallel	
  
–  Shorter	
  read	
  length	
  (~25-­‐700	
  nucleo/des)	
  

•  3rd	
  genera/on	
  
–  Longer	
  read	
  length	
  
–  Sequencing	
  a	
  human	
  genome	
  in	
  three	
  minutes	
  
–  	
  Price	
  of	
  a	
  human	
  genome	
  for	
  $5,000	
  

2/12/13	
   5	
  Rachita	
  Yadav	
  



Next	
  Genera/on	
  Sequencing	
  –	
  Applica/ons	
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Technique	
  



Genome	
  
Enrichment	
  

Template	
  
prepara/on	
  

Sequencing	
  
and	
  imaging	
  

Data	
  
analysis	
  

Steps	
  of	
  next	
  genera/on	
  sequencing	
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Technique	
  	
  
Library	
  prepara/on	
  

1.  Isolate	
  molecule	
  of	
  interest	
  
2.  Digest	
  molecule	
  
3.  A-­‐tailing:	
  prevents	
  self-­‐liga/on	
  and	
  liga/on	
  to	
  other	
  

fragments	
  
4.  Adaptor	
  liga/on	
  for	
  PCR	
  amplifica/on	
  and	
  sequencing	
  
5.  Amplify	
  library	
  
6.  Size-­‐selec/on	
  

http://seq.molbiol.ru/sch_lib_fr.html	
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Technique	
  
2nd	
  genera/on	
  seq	
  

hSp://www.illumina.com/	
  

Elaine	
  R.	
  Mardis,	
  Trends	
  in	
  Gene/cs,
2007	
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Technique	
  
2nd	
  genera/on	
  seq	
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2nd	
  genera/on	
  sequencing	
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Data	
  files	
  and	
  formats	
  



Read	
  Terminology	
  
	
  •  Single	
  end	
  reads	
  –	
  Reads	
  generated	
  from	
  sequencing	
  one	
  end	
  of	
  the	
  

fragment	
  of	
  interest	
  

•  Paired	
  end	
  reads	
  –	
  Reads	
  generated	
  from	
  sequencing	
  both	
  the	
  ends	
  of	
  the	
  
fragment	
  of	
  interest	
  
•  	
   Mate	
  pair	
  library	
  –	
  Generated	
  by	
  circularizing	
  2-­‐5	
  kb	
  DNA	
  fragment.	
  
	
  

•  FASTA/FASTQ	
  –	
  FASTA	
  is	
  a	
  standard	
  text	
  format	
  for	
  storing	
  sequence	
  
informa/on,	
  in	
  which	
  base	
  pairs	
  are	
  represented	
  using	
  single-­‐leSer	
  codes.	
  
The	
  format	
  also	
  allows	
  for	
  sequence	
  names	
  and	
  comments	
  to	
  precede	
  the	
  
sequences.	
  FASTQ	
  is	
  similar	
  to	
  FASTA	
  with	
  the	
  addi/on	
  of	
  quality	
  scores	
  
for	
  the	
  bases.	
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FASTQ	
  format	
  
•  A	
  FASTQ	
  file	
  normally	
  uses	
  four	
  lines	
  per	
  sequence.	
  

–  	
  Line	
  1	
  begins	
  with	
  a	
  '@'	
  character	
  and	
  is	
  followed	
  by	
  a	
  sequence	
  iden/fier	
  and	
  
an	
  op#onal	
  descrip/on.	
  

–  Line	
  2	
  is	
  the	
  raw	
  sequence	
  leSers.	
  	
  
–  Line	
  3	
  begins	
  with	
  a	
  '+'	
  character	
  and	
  is	
  op#onally	
  followed	
  by	
  the	
  same	
  

sequence	
  iden/fier	
  (and	
  any	
  descrip/on)	
  again.	
  
–  	
  Line	
  4	
  encodes	
  the	
  quality	
  values	
  for	
  the	
  sequence	
  in	
  Line	
  2,	
  and	
  must	
  contain	
  

the	
  same	
  number	
  of	
  symbols	
  as	
  leSers	
  in	
  the	
  sequence.	
  
	
  

•  A	
  minimal	
  FASTQ	
  file	
  might	
  look	
  like	
  this:	
  
@SEQ_ID	
  
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT	
  
	
  +	
  	
  
!''*((((***+))%%%++)(%%%%).1***-­‐+*''))**55CCF>>>>>>CCCCCCC65	
  
	
  
•  The	
  quality	
  scores	
  are	
  represented	
  by	
  ASCII	
  characters.	
  	
  

–  In	
  Sanger	
  format,	
  the	
  quality	
  scores	
  are	
  offset	
  by	
  33	
  (quality	
  score	
  of	
  1	
  to	
  93	
  translates	
  to	
  33	
  to	
  126)	
  	
  
–  In	
  Illumina	
  format,	
  depending	
  on	
  the	
  version	
  of	
  pipeline	
  somware	
  used,	
  the	
  quality	
  scores	
  are	
  offset	
  by	
  64,	
  66	
  or	
  33	
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Data	
  analysis	
  



Workflow	
  of	
  analysis	
  

Quality	
  control	
   Trimming	
   Quality	
  control	
  

Alignment	
  Filtering	
  

Gene	
  expression	
  
es/mates	
  

Annotate	
  SNPs/
Indels	
  

Compare	
  to	
  
other	
  genomes	
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Files	
  аs	
  in	
  system:	
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Paired-­‐end	
  sequencing	
  
•  Each	
  fastq	
  file	
  contains	
  ~95,000,000	
  lines	
  
•  File	
  suffixes	
  (	
  _1	
  &_2)	
  show	
  they	
  have	
  

corresponding	
  reads.	
  
	
  

Rachita	
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Quality	
  Check	
  
•  Base	
  quality	
  

•  Sequence	
  length	
  

•  K-­‐mers	
  repeats	
  

•  ATGC	
  ra/o	
  

•  Occurrence	
  of	
  reads	
  

Before	
  trimming	
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Trimming	
  

•  Remove	
  bad	
  quality	
  reads	
  
•  Parameters	
  

– Minimum	
  length	
  of	
  reads	
  
– Quality	
  threshold	
  

•  Quality	
  score	
  =	
  -­‐10*log10(Error	
  rate)	
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Quality	
  Check	
  

Per	
  base	
  sequence	
  quality	
  

Before	
  trimming	
   Amer	
  trimming	
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Alignment	
  

•  Reference	
  based:	
  
– Reference	
  genome	
  
– Annota/ons	
  for	
  the	
  genome	
  

•  De-­‐novo:	
  
– New	
  genome	
  (ex.	
  Model	
  organisms)	
  and	
  new	
  
discoveries.	
  

–  Itera/ve	
  process.	
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Reference	
  mapping	
  	
  

Read mapping and its applications. Mapping programs are widely used to align 
reads to a reference while allowing some flexibility in terms of mismatches and  
indels and a policy for handling ambiguous matches 
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Alignment	
  format:	
  

•  SAM/BAM	
  –	
  	
  SAM	
  (Sequence	
  Alignment/Map)	
  
format	
  is	
  a	
  generic	
  format	
  for	
  storing	
  large	
  
nucleo/de	
  sequence	
  alignments.	
  BAM	
  is	
  the	
  
binary	
  format	
  of	
  SAM	
  files.	
  

•  SAMtools	
  provides	
  a	
  command	
  line	
  interface	
  
for	
  manipula/on	
  of	
  SAM/BAM	
  formaSed	
  
data.	
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Alignment	
  	
  terms	
  
•  Alignment	
  score	
  –	
  	
  A	
  metric	
  that	
  represents	
  how	
  well	
  a	
  read	
  maps	
  to	
  the	
  

reference	
  genome	
  (e.g.	
  for	
  a	
  read	
  of	
  100	
  bases,	
  if	
  it	
  matches	
  to	
  the	
  
reference	
  with	
  2	
  mismatches,	
  the	
  alignment	
  score	
  is	
  98).	
  	
  

	
  
•  CIGAR	
  scores	
  –	
  A	
  metric	
  that	
  indicates	
  HOW	
  a	
  read	
  maps	
  to	
  the	
  reference	
  

(e.g.	
  98M2m	
  means	
  that	
  a	
  read	
  of	
  100	
  bases	
  matches	
  to	
  the	
  reference	
  
with	
  98	
  matches	
  [M]	
  and	
  2	
  mismatches	
  [m]).	
  	
  

	
  
•  Mapping	
  quality	
  –	
  	
  A	
  measure	
  of	
  the	
  confidence	
  that	
  a	
  read	
  actually	
  

comes	
  from	
  the	
  region	
  it	
  is	
  aligned	
  to	
  by	
  the	
  alignment	
  algorithm.	
  A	
  
mul/ply	
  mapping	
  read	
  has	
  a	
  low	
  mapping	
  quality	
  and	
  a	
  uniquely	
  mapping	
  
read	
  has	
  a	
  high	
  mapping	
  quality.	
  

	
  
•  Mul/ply	
  mapping	
  reads	
  –	
  Reads	
  that	
  align	
  to	
  more	
  than	
  one	
  loca/on	
  on	
  

the	
  reference	
  genome	
  (either	
  due	
  to	
  less	
  stringent	
  alignment	
  criteria	
  or	
  
due	
  to	
  repeats	
  in	
  the	
  genome)	
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Alignment	
  filtering/Visualiza/on	
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Filtering	
  for:	
  
	
  Mul/ple	
  mapping	
  reads	
  
	
  Low	
  mapping	
  quality	
  reads	
  

	
  
Visualiza/on:	
  

	
  UCSC	
  Genome	
  Browser	
  
	
  Ensembl	
  

	
   	
  Gbrowse	
  
	
  1000	
  Genomes	
  Browser	
  
	
  	
  Integra/ve	
  Genomics	
  Viewer	
  (IGV) 	
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Alignment	
  with	
  reference	
  genome	
  

•  Read	
  depth	
  –	
  No.	
  of	
  /mes	
  a	
  par/cular	
  base	
  in	
  the	
  fragment	
  of	
  interest	
  is	
  
read.	
  An	
  avg	
  read	
  dept	
  of	
  20X	
  means	
  that	
  in	
  a	
  par/cular	
  dataset	
  on	
  an	
  
average	
  a	
  base	
  has	
  been	
  sampled	
  20	
  /mes.	
  

•  Coverage	
  –	
  No.	
  of	
  bases	
  of	
  a	
  genome	
  that	
  are	
  sequenced	
  (e.g.	
  Out	
  of	
  the	
  3	
  
bn	
  human	
  bases	
  if	
  one	
  sequences	
  30	
  million	
  bases	
  then	
  the	
  coverage	
  
would	
  be	
  30	
  Mb).	
  

	
   	
  Note:	
  Depth	
  and	
  Coverage	
  are	
  used	
  interchangably!	
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Post-­‐alignment	
  analysis	
  

Filter	
  out	
  bad	
  aligned	
  reads	
  

Gene	
  expression	
  
es/mates	
  

Annotate	
  SNPs/
Indels	
  

	
  

	
  

"  Compara/ve	
  genomics	
  

"  Iden/fy	
  disease-­‐causing	
  varia/ons	
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Introduc/on	
  to	
  exercise	
  



Data	
  

•  Exome	
  sequencing	
  data	
  

•  Paired	
  end	
  reads	
  

•  Breast	
  cancer	
  cell	
  line	
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BRCA2:	
  One	
  of	
  the	
  most	
  common	
  germ	
  line	
  
muta#on	
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Workflow	
  of	
  analysis	
  

Quality	
  control	
  

Alignment	
  SNP	
  calling	
  Filter	
  SNPs	
  

Annotate	
  SNPs	
   BRCA2	
  SNPs	
   Consequence	
  of	
  
SNP	
  in	
  paper	
  

Trimming	
  Quality	
  control	
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Galaxy	
  
Job	
  in	
  queue	
  
	
  
Job	
  running	
  
	
  
Job	
  finished	
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